This investigation was carried out for induce mutations in safflower (Carthamustinctorius L) at the Experimental and Research Farm, Faculty of Agriculture, AlAzhar University. The results showed access anumbers of promising mutants in M3 generation. The results shows that the Di methyl Sulfoxide (chemical mutagen) was more effective than other two treatments (γ-ray & electric shock), as well as the line 32 (L 1 was more responsible than the other two genotypes for induction of stable promising mutants according to final results at M3especially high seed yield. The promising mutants were softness and earliness than the parental genotypes.
ing producer of safflower in the world (FAOSTAT, 2006) . Despite its vast potential and growth adaptability to a wide range of agro-ecological conditions, safflower remained as a neglected crop due to low seed oil content (28-36%), spines, fiber rich seed meal and vulnerability to a number of diseases and pests. Safflower species are known to possess several desirable genes such as, drought hardiness, shattering tolerance, non-dormancy of seeds, and resistance to safflower fly, rust, and powdery mildew (Sujatha, 2007) .
Artificial induction of mutations by using of physical and chemical mutagens such as radiation, chemicals and electric shock are considered to be one of the useful tools for plant improvement by increasing of genetic variability in many plant species, especially the self-fertilized plants. (Kharkwal, 2000; Hassan et al., 2001; Mihov et al., 2001 Wani and Anis,2001 , Soliman et al., 2003 , Fahmy et al., 1997; Geetha and Vaidyanathan, 1998; Hajduch et al., 1999 and Solanki and Sharma, 1999) .
In Egypt, safflower area decreased year after year at Upper Egypt, because the genotypes suffering from many problems as lateness (185 days at maturity), full thorns on leaf and heads, low seed yield and low seed oil content. Therefore, the present study aimed to induce mutations for earliness, spineless and high seed yield with high oil content as a promising mutant that could be used in breeding program to get new varieties.
Materials and Methods:
Three mutagens i.e. gamma ray (γ -ray) and Di methyl Sulfoxide and electric shock were used for induction of mutation on three safflower genotypes (Line32 , Line37 and Line40) during three seasons 2013/2014, 2014/2015 and 2015/2016 . The gamma ray doses were 10 kr and 20 kr while the concentrations of Di methyl Sulfoxide were (1000 ppm), (2000ppm) and (3000ppm). The electric shock in the presence of the used chemical solutions as follows: Monosodium phosphate (30000 ppm/liter), Monosodium phosphate (50000 ppm/liter) and Sodium nitrate (50000 ppm/liter).
Three safflower lines; Line 32, line37 and Line 40 were obtained from Oil Crop Research Section, Field Crop Research Institute, Agricultural Research Center (ARC) were used in this study. The selected variants at the present study included apparent morphological characters, especially earliness and softness change, as well as the change in seed yield attribute characters. These variants were screened to isolate M1 and M2 generations. These mutants characterized with, thorns leaves, flowering date (earliness, lateness), and high seed weight. In M3 generation the stable M2 mutant lines were screened and recorded, especially these possessed softness and earliness.
Gamma ray:
40 grams from seeds from each line were backed in paper bags and subjected to gamma ray doses of 10 Kr (r1) and 20 Kr (r2) and the exposure time was 30 minutes in October, 2013 in Middle Eastern Regional Radioisotope Center for the Arab countries at NRC, Dokki, Cairo, Egypt.
Di methyl Sulfoxide:
40 grams from the seeds from each line were soaked in prepared aqueous solution of Di methyl Sulfoxide (DMS) of three different concentrations (1000 ppm (h1), 2000 ppm (h2) and 3000 ppm (h3) for 24 hours.
Electric shock:
40 grams from seeds from each line were germinated and exposed to electric shock inside special electric analysis set to invent the DNA activity through the cell division during germination of the seeds for mutations induction (Ahmad 2011 Heritabilites are estimated by several methods that use different genetic populations and produced estimates that may vary. Common methods include the variance components method and parent-offspring regression. In this investigation we used the parent-offspring regression as estimate for heritability.
The significance was estimated by T test by comparison between groups (comparison between mutated plants with unmutated plants).
Results and Discussion
At the first season of the investigation all mutagenic treatments induced mutants of different desired traits in this crop such as smooth leaves, red and orange petals, earlier flowering and more yielding plants.
Table (1) shows that chosen mutant in M1 generation after applying the mutagen treatments. It is clear from results in Table 1 , that mutant differ from the original plants of different safflower genotypes in four main characters i. e. seed yield / plant (S.Y/P), number of days from sowing to flowering (N.D.F), thorns and sleek and petal color. Results show that all treatments (Radiation, Chemicals and Electric shock) have led to mutations in all safflower genotypes. Table ( 2) shows that the numbers of plants which maintain of mutations until the third generation were 70 plants.
The means and variances of the mutants which cached from all mutagenic treatment were calculated and compared with that of the same number of plants representing control treatment for the two main traits i.e. seed yield/plant and number of days from sowing to flowering (Table 3) .
Effect of Gamma rays:
Data in Table ( 3) and Fig. 1 Results obtained from effect of radiation illustrate that; treatment r 2 was more effective than another to induce mutation and gave mutant with high yielding. The results agreed with those of Mia and Shaikh (1997) and Sheeba et al. (2005) . The parent-offspring regression coefficients values (Table 4) 
Effect of Chemical treatments:
Results in Table ( 3) and Fig. 3  and 4 Dhole et al. (2003) .
The parent-offspring regression coefficients values (Table 5) 
Effect of Electric shock:
Using of electric shock caused to obtain early plants in flowering from all genotypes. Results in Table  ( 3) and Fig. 5 and 6 revealed that the earliest plants were obtained from L 2 t 1 (125.5 day). L 2 t 1 was earlier 12.53 days than untreated plants L 2 (132.67 day).
All plants which maintain the mutations until M3 were surpassed untreated plants in seed yield. Line No. 2 was most responsive to electric shock and gave plants with high seed yield/plant. Average of seed from treated plants was 95, 102.7 and 84.7 from treated plants of L 1 ,L 2 and L 3, respectively. The highest seed yield (128g) was obtained from L 2 t 3 with percentage of increasing 306.22 % from seed yield of untreated plants (31.51 g). This result coincides with (Ahmad 2011 ) when used electric shock on wheat.
The parent-offspring regression coefficients values (Table 6) 
